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The VH chromosomal region of rabbit has a minimum of 
100 VH genes (1,2) and based on data obtained from 
nucleotide sequence analysis, we estimate that approximately 
50% of them are functional. Recent experiments, however, 
have provided evidence for only three VH genes, VHl, VHx32 
and VHy33, being used in VDJ gene rearrangements in B 
lymphoid cells (3,4). VHl encodes the VHa allotypic 
specificities that are found on approximately 80% of Ig in 
rabbit serum (5,6), and accordingly, VHl is utilized in VDJ 
gene rearrangements in approximately 80% of B cells (4). 
The 20% of Ig molecules that do not have VHa allotypic 
specificities are known as VHa- molecules (5); three groups 
of allotypes, w, x and y, are associated with these 
molecules (7,8). Recent data suggested to us that in 
rabbits of the VHa2 allotype, most of the VHa- molecules are 
encoded for by two genes, VHy33 and the gene we designate 
VHx32 (3) It appears that the VHx32 and VHy33 genes each 
encode 5 to 10% of total Ig molecules and are used in VDJ 
gene rearrangements in 5 to 10% of rabbit B cells (9,3) 
Taken together, these data suggested to us that nearly all 
of the VH repertoire in VHa2 rabbits is encoded by only 
three VH genes, with one gene, VHl, responsible for 80% of VH 
regions in serum Ig (10). 
The predominant use of ~1, and to a lesser extent 
VHx32 and VHy33, in VDJ genes may be due to the preferential 
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rearrangement of these genes or alternatively, it may be 
that many VHgenes are rearranged but that those cells 
utilizing VHl, VHx32 or VHy33 in their VDJ gene rearrange-
ments are selectively expanded. To determine how many VH 
genes other than VHl, VHx32 and VHy33 are used in VDJ gene 
rearrangements, we analyzed VH gene usage in B-lineage cells 
from a2 rabbits. Because rabbit germline VH genes are 
generally 80% identical and form a single VH gene family 
(1,4,11-14), it is difficult to identify, with certainty, 
the utilized VH gene after the VDJ genes have undergone 
somatic diversification. VDJ gene diversification does not 
generally occur in rabbits until three weeks of age (3), so 
we used newborn to ten day-old rabbits in our experiments. 
We amplified by PCR a total of 80 VDJ gene rearrangements 
from genomic DNA and mRNA from bone marrow and spleen cells. 
Based on nucleotide sequence analysis, we determined how 
many different VH genes were used in the VDJ gene 
rearrangements and which of these were expressed in mRNA. 
LITERATURE REVIEW 
B Lymphopoiesis 
B cell precursors, in the fetal mouse, can be found in 
liver, spleen and omentum (15,16). At the time of birth the 
precursors to lymphocytes move from these tissues to the 
bone marrow which becomes the major site of B cell 
production (17). The rate of production of lymphocytes is 
maximal in young adults and declines with age (reviewed in 
18,19) 
In contrast, chicken B lymphopoiesis begins and ends 
before hatching. Between 8 and 14 days of embryonic 
development (out of a total of 18 days of embryonic 
development), B lymphoid precursors migrate to the bursa of 
Fabricius (20). In the bursa, mature B cells begin to arise 
by day 11 of embryonic development (21) . All peripheral B 
cells in the chicken arise in the bursa prior to hatch 
(22,23,24,25). These B cells begin to seed the periphery 
from the bursa one to two days before hatch and continue to 
migrate to the periphery until involution of the bursa at 
about the time of sexual maturity (26). 
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VH Gene Usage 
Antibodies must provide enough different combining 
sites to recognize all the antigenic determinants in the 
environment. The combining site of the heavy chain is 
composed of one of several hundred VH gene segments, one of 
several D gene segments and one of a few JH gene segments. 
Through a gene rearrangement process, one VH gene segment is 
joined with one D and one JH gene segment to form a VDJ gene 
that comprises the variable region of the heavy chain. The 
generation of a wide range of antibody specificities is due, 
in part, to the large number of VH regions available for VDJ 
gene rearrangement. While it has long been believed that 
VDJ rearrangement in mouse involves random recombination of 
V with DJ gene segments, Yancopoulos et. al. showed that 
there is preferential use of the JH proximal VH gene 
segments in pre-B cells from fetal and neonatal mice (27) . 
The adult exhibits a more random usage of VH gene segments 
(28,29,30) although one recent study indicates there may 
also be biased 3' VH usage in adults (31). These authors 
postulated that the apparently random and diverse set of VH 
genes used in the mature repertoire is due to antigen 
selection (31,32). Recent studies examining VH gene usage 
in different B cell compartments (31,33) and cell transfer 
experiments (34) support the idea that antigen selection is 
a major player in the development of the repertoire. 
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VH gene usage in the chicken, however, is radically 
different from that of the mouse. The chicken has only one 
functional VH gene (35) and one functional VL gene (36) . 
Antibody diversity generated by VDJ and VJ gene 
rearrangement is obviously limited by the lack of functional 
VH genes. The diversity necessary to establish a protective 
Ig repertoire is generated after VDJ or VJ rearrangement by 
a process of somatic gene conversion (37,38). Gene 
conversion in chicken is achieved by the use of upstream VH 
pseudogenes as donor sequences to the rearranged VDJ gene. 
(35,39) This diversification occurs independently of 
antigen stimulation. (21,40). 
N Segments 
The recombination of different V, D and J gene segments 
is one way that antibody diversity is achieved. In 
addition, diversity is increased at the junctions between V, 
D and J gene segments in two ways. The first is by 
imprecise joining of the three gene segments. Diversity is 
also created by the nontemplated addition of nucleotides 
before ligation of the DNA segments. This addition of 
nucleotides is known as N segment addition, and is achieved 
by the action of terminal deoxynucleotidyl transferase (TdT) 
(41,42,43,44). N segment addition is developmentally 
regulated; the frequency and length of N segment addition 
increases with age. In newborn mice, only 16% of VDJ genes 
isolated from spleen cDNA exhibit N segments and these 
consist of a few base pairs. In adult mice, however, 
examination of the same tissue reveals that 85% of the VDJ 
genes have lengthy N segments (45). 
D Segments 
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Within the variable regions of antibodies are stretches 
of amino acids conserved among all antibodies known as 
framework regions. There are also three highly divergent 
stretches of amino acids known as hypervariable regions (or 
complementarity determining regions) . The D region in VDJ 
gene rearrangements makes up the third hypervariable region, 
and is thought to lend the majority of antigen specificity 
to the antibody molecule. Although the D region in mouse 
has not been completely characterized, many of the D gene 
segments have been identified. These D gene segments are 
classified into three families, FL16, SP2 and Q52, 
consisting of a total of at least 12 gene segments (46) . 
Studies of DJ joinings in a rearranging pre-B cell line show 
preferential use of FL16.1 and Q52 (47). These gene 
segments represent the most 5' and most JR-proximal D gene 
segments, respectively. Preferential use of FL16.1 and Q52 
has also been shown in neonatal and adult mice (45) . 
Preferential use of D gene segments is puzzling because it 
would appear to limit the amount of antibody diversity. 
One interesting aspect of D gene usage involves the 
bias towards the use of a particular D reading frame (RF) , 
as defined by Ichihara (48). While the use of all reading 
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frames would lend greater possibility for diversity, there 
is a definite preference for RFl in murine antibodies 
(48,49). The absence of VDJ genes with the D in RF3 is 
explained by the fact that there is a frequent occurrence of 
stop codons in many D's in this frame (48). The lack of 
expression of VDJ genes with a D in RF2 has been more 
difficult to explain. Many D gene elements in RF2 allow the 
expression of a D protein (50) . The D protein is encoded by 
the DJ complex and the C gene. Gu et. al. have shown that 
expression of the D protein on the cell surface signals 
arrest of differentiation, and, in effect, counterselects 
those cells with DJ rearrangements in RF2 (51) . The authors 
propose that RFl encodes amino acid stretches that are 
suitable for interaction with ligands or which lend 
favorable structural features. This idea is supported by 
analysis of murine and human expressed D regions in which 
the use of glycine and tyrosine seems favored (52). 
Immunoglobulin Production in Rabbits 
Rabbits are unusual in that they share characteristics 
of both mammalian and avian species in regard to 
immunoglobulin production. Although several investigators 
have searched for a mammalian bursal equivalent in rabbit 
(53,54), none has been found. In the rabbit, like mouse, B 
lymphopoiesis moves from primarily the fetal liver to the 
bone marrow at the time of birth (54,55,56). Rabbits are 
like chicken, however, in that they use primarily one VH 
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gene, the 3' most VH gene, VHl, in their VDJ gene 
rearrangements (4,57). Chickens, however, have only one 
functional VH gene (35), while rabbits have many VH genes 
which appear functional by sequence analysis (10). Rabbit 
VDJ genes are diversified by somatic gene conversion (57) as 
are those of chicken (37,38). Thus, while rabbits share 
some of the features of lg production with avian species, 
rabbits also exhibit characteristics associated with B cell 
production in other mammals. 
MATERIALS AND METHODS 
Nucleic Acid Isolation and 
cDNA Synthesis 
Genomic DNA was prepared (58) from spleen and bone 
marrow cells of newborn, one week and 10 day old a 2 /a2 
homozygous rabbits. The newborn rabbits were offspring of 
197Gl and 10F3; the one week old rabbits were offspring of 
rabbits 3F3 and 10F3 and of rabbits 246Dl and 280Dl; and 
the 10 day old rabbits were offspring of 308E and 10F3. 
Within each litter, cells of the sibling rabbits were pooled 
and divided into two aliquots, one for isolation of DNA and 
one for isolation of RNA. 
Total cellular RNA from spleen and bone marrow cells 
was extracted in guanidine isothiocyanate and the RNA was 
purified by centrifugation through CsCl (59) . First strand 
cDNA was synthesized from RNA using oligo(dT) as primer 
( 60) . 
PCR amplification of VDJ genes 
VDJ gene rearrangements were amplified from genomic DNA 
(1 µg) and cDNA (3 µg) using a 5' VH primer (VH-B; 5'-
CTGCAGCTCTGGCACAGGAGCTC-3') derived from a conserved region 
75 bp upstream of the translational start site and a 3' JH 
primer (JH-B; 5'-GAGCTCACCTGAGGAGACGGTGACCA-3') The PCR 
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reaction mix consisted of 100 µl total volume with the 
following components: lx Reaction Buffer (lOx consists of 
100 mM Tris-HCl pH 8.3, 500 mM KCl, 15 mM MgC1 2 , 0.1% w/v 
gelatin); 1.25 mM each dNTP; 1 µM each primer; 1 µg genomic 
DNA; 2.25 units Taq polymerase; dH20 to 100 µl; covered with 
100 µl mineral oil. 
The amplification by PCR consisted of 3 minutes of 
denaturation at 92°, 92° for 1 minute, 60° for 2 minutes and 
74° for one minute. The latter three steps make up one 
cycle that is repeated 30 times. Then, a final step of 74° 
for five minutes completes DNA synthesis. The PCR reaction 
was tested on a 5% acrylamide gel (61) and stained with EtBr 
to visualize products of the reaction. The rest of the PCR 
reaction was removed from the mineral oil by extracting 
twice with chloroform:isoamyl alcohol mixture (24:1). The 
DNA in the aqueous phase was restricted with BstEII and 
filled in with Klenow and dNTP's to form a blunt end. The 
Klenow was heat inactivated by incubation for 10 minutes at 
68°. Then the DNA was restricted with Sacl. This creates a 
Sacl site on the VH side of the insert and a blunt end on 
the JH side for directional cloning. The product was 
purified on a 5% acrylamide gel. The appropriate sized 
fragment was cut from the gel, crushed and eluted in TE. 
This fragment was then cloned into a M13mp18 Sacl and Sma 
restricted. Nucleotide sequences of clones that hybridized 
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with a pan-VH probe (2) were determined in one orientation 
(3' to 5') using the USB Sequenase sequencing kit. (62) 
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Amplification of novel VH genes was performed with a 
leader primer, VHRl, 5'-CTCGAGAATTCTGCGCTGGCTTCTCCTGGTCGCTG-
3' and a FR3 primer (see Figure 4) under the same conditions 
described above. The products were separated on 5% 
polyacrylamide gels. 
D Region Analysis 
D gene usage was determined by homology search with the 
cloned germline D gene segments Dl, D2a, D2b, D3 and D5. 
Dl, D2a and D2b were described by Becker et. al. (63). D3 
(3) is located 1.2 kb 5' of Dla; D5 is located 1.5 kb 3' of 
Dld (unpublished data) . 
RESULTS 
VH Gene Usage in VDJ Gene 
Rearrangements in Young Rabbits 
The observation that VHl was the predominant VH gene 
represented in B lymphocytes from adult rabbits (4) led us 
to ask if VHl is preferentially rearranged. To address this 
question, we amplified, by PCR, VDJ genes from DNA isolated 
from lymphopoietic tissues of newborn homozygous a 3 /a3 
rabbits. Because it has been found in mouse and human that 
the omentum is a site of fetal B lymphopoiesis, we isolated 
both omental and bone marrow cells as a source of DNA. Ten 
VDJ genes were cloned and their nucleotide sequences 
determined. Three of the ten VDJ gene rearrangements had 
utilized VHl (#386, 390, and 406 of Figure 1). The other 
seven VDJ gene rearrangements had utilized VH genes that did 
not correspond to any known VH gene. Of these seven 
sequences, three different VH genes were identified, and we 
designated these genes, VHb (#378, 383, 384 and 405), VHc 
(#382) and VHd (#389 and 413). There was no difference in 
the distribution of VH genes used in omentum or bone marrow. 
We conclude that genes other than VHl are rearranged and 
appear at a frequency (70%) greater than that found in the 
periphery (20%) . 
12 
Figure 1. Comparison of the nucleotide sequence of germline 
VH1-a3 to the nucleotide sequences of 10 VDJ gene 
rearrangements isolated from bone marrow and omentum DNA of 
newborn a3 allotype rabbits. Clones 386 and 390 are from BM 
259E4; clone 406 from omentum 9Fl; clone 378 from omentum 
9Fl; clone 383 from BM 9Fl; clone 384 from BM 259E4; clone 
405 from Omentum 9Fl; clone 382 from BM 9Fl; clone 389 from 
omentum 9Fl; and clone 413 from BM 259E4. Dashes indicate 
identity to VHl. Framework (FR) and complementarity 
determining regions (CDR) are according to Kabat (64) . 
Spaces indicate unconfirmed base pairs. Do may also be 




Q S L E E S G G D L V K P G A S L T L T C T A S 
VH1-A3 CAG Ill TCG TTG GAG GAG TCC GGG GGA GAC CTG GTC AAG CCT GGG GCA TCC CTG ACA CTC ACC TGC ACA GCC TCT 
386 --- Ill --- ---
390 --- Ill --- ---
406 --- Ill --- ---
378 --- GAG CA- C·-
383 --- GAG CA- C--
384 --- GAG CA· C--
405 --- GAG CA- C--
382 --- Ill --c c-- --G --- --T CG- --A -C-
389 --- GAG CA- C-- --- C-- ··A --- -G- --- -C-









--- G-- --- -T-
-A- --- TG- -A-
-A- --- TG- -A-
G F S F S S S Y Y M C W V R Q A P G K G L E W I A 
VH1-A3 GGA TTC TCC TTC AGT AGC AGC TAC TAC ATG TGC TGG GTC CGC CAG GCT CCA GGG AAG GGG CTG GAG TGG ATC GCA 
386 --- c-- --- --- --- ---
390 --- --- --- --- --- --- --- ---
406 -- --- ---
378 --- GA- C-- -A- ·TT -CA G-- --- -A- ·T- ·G· 
383 --- GA- C-- --- -A- -TT -T- -A- -T- -G-
384 --- GA- C-- --- --- -A- -TT -T- -A- -T- -G· 
405 --- --- GA- C-- -A- ·TT ·T· -A- -T- -G-
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--T --- --C -G-
·-T --- --C ·G-
·-T --- --C -G-
·-T --- --C -G-
·CT --- G-- AT-





-T- CA- -A- Ill Ill --A A-- --T ---
·-A --- --T ---








S S T T V T L Q M T S L T A A D T A T Y F C A R 
VH1-A3 TCG TCG Ill ACC ACG GTG ACT CTG CAA ATG ACC AGT CTG ACA GCC GCG GAC ACG GCC ACC TAT TTC TGT GCG AGA 
386 --- Ill --- --- --- ~-- --- --- --- ---
390 --- Ill --- --- --- --- --- --- --- --- --- --- ---
406 --- --- Ill --- -·- --- --- --- --- ---
378 --- Ill --- --- --- T-- -AT --C ---
383 --- --- Ill --- --- --- --- T-- -AT --C ---
384 --- --- Ill --- --- --- T-- -AT --C ---
405 --- --- Ill --- --- --- T-- -AT --C ---
382 --- Ill Ill --- --- --- GAG T-- A-- GC- --- AT- -A- --- T--
389 ATC GAC CAG -G· --A ·GT TGC --- --G C·· ·A· -T- --- ·TG --- -A-









































The observation that VHl was not the only VH gene used 
in these VDJ gene rearrangements was not surprising because 
we know that a limited number of VHa- genes are also 
rearranged. However, we could not be sure that these three 
newly identified genes represented VHa- genes because the 
utilized VHa- genes have not been fully characterized in the 
a3 allotype. We decided, therefore, to continue our 
examination of VH gene usage in a2 allotype rabbits, because 
the VH genes used in rabbits with this allotype are better 
characterized (3). We amplified, by PCR, VDJ genes from DNA 
isolated from bone marrow and spleen cells of newborn to ten 
day-old a2 /a2 homozygous rabbits. Forty VDJ genes were 
cloned and their nucleotide sequences determined. Based on 
their nucleotide similarity, these sequences were assigned 
to four groups, VHl, VHy33, VHx32 and other (Table 1). 
Twenty-seven of these VDJ genes differed from germline VHl, 
on average, by less than one nucleotide per VH gene, and we 
conclude that they used VHl in their VDJ gene 
rearrangements. The sequences of six of these 27 VH regions 
are shown in Figure 2. The VH region of four VDJ gene 
rearrangements were nearly identical to the nucleotide 
sequence of germline VHy33 and were assigned to the VHy33 
group (Figure 3). One of the forty sequences was different 
from that of any known germline VH gene but it was nearly 
identical to the VH sequences that have previously been 








VH GENE USAGE IN 70 VDJ GENE REARRANGEMENTS CLONED FROM 
GENOMIC SPLEEN AND BONE MARROW DNA AND cDNA FROM NEWBORN TO 
10 DAY-OLD RABBITSa 
Group DNA cDNA Total 
BMb Sb BM s 
VHl 13c 14c 18e 5 50 
VHy33 2 2 1 0 5 
VHx32 1 0 4e 0 5 
VHz 0 0 2 0 2 
Other 2 6d 0 0 8 
Total 40 30 70 
All VDJ gene rearrangements appeared functional except as 
noted 
BM = bone marrow; S = spleen 
Three of these were non-productive rearrangements 
One of these was a non-productive rearrangement and one 
used a non-functional VH gene 
One of these was a non-productive rearrangement 
Figure 2. Comparison of the nucleotide sequence of germline 
VH1-a2 to the sequences of six VDJ gene rearrangements 
isolated from bone marrow and spleen DNA. Clone 609 was 
from 6 day spleen; clones 616 and 618 were from 10 day bone 
marrow; clones 636 and 637 were from 7 day spleen; clone 619 
was from 10 day bone marrow. The germline D and J gene 
segments used in each VDJ gene rearrangement are indicated. 
The N and D regions of clone #619 are not distinguished 
because germline Dn is not cloned. Dashes indicate 
identity. Framework (FR) and complementarity determining 
regions (CDR) are according to Kabat (64). 
Figure 2 
FRl 
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619 - ·G 
N D N J 
609 ACCCCTAT CTACGATGACTATGGTGATT ACTACTTTAACATCTGGGGCCCAGGCACCCTGGTCACG D1J4 
616 GATCCCGA TTACTATACTTATGGTTATGCTGGTTATGCTTATGC TAACTTGTGGGGCCCAGGCACCCTGGTCACG 02aJ4 
618 GATCCCCGG AGCTACGATGACTATGGTGATTA TGG CTTGTGGGGCCCAGGCACCCTGGTCACG D1J4 
636 TGGACG TATGCTGGTTATGCTGGTTATGGTTATG GG GATGCTTTTGATCCCTGGGGCCCAGGCACCCTGGTCACG 02bJ2 
637 TCCC TATATGCTGGTTATGCTGGTTATGGTTATGC GG ACTTGTGGGGCCCAGGCACCCTGGTCACG D2bJ4 
619 CCTGCTGGTACTAGATGGTG CTTGTGGGGCCCAGGCACCCTGG OnJ4 
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Figure 3. Comparison of the nucleotide sequence of germline 
VHy33 to that of five VDJ gene rearrangements isolated from 
bone marrow and spleen mRNA and DNA. Clones 606 and 608 
are from DNA of 6 day spleen; clone 633 is from DNA of 7 day 
bone marrow; clone 617 is from DNA of 10 day bone marrow; 
and clone 577 is from mRNA of 6 day bone marrow. Dashes 
indicate identity. Framework (FR) and complementarity 
determining regions (CDR) are according to Kabat (64) The 
germline D and J gene segments used in each VDJ gene 


































Q C Q Q L E Q S G G G A G G G L V K P G G S L E L 
~~~~~~~~~~~~~~~~~~~~~~~~~ 
--- --- --- --- --- --- --- --- --- --- A·· --- --- --- --- --- ---
CDR1 F12 
C C K A S G F S L S S S Y W I C W V R Q A P G K G 
TGC TGC AAA GCC TCT GGA TTC TCC CTC AGT AGC AGC TAC TGG ATA TGC TGG GTC CGC CAG GCT CCA GGG AAG GGG 
••• --- ·T· --- --- --- •••••• --- --- --- ••• --- --- --- --- ---
--c 
CDR2 FR3 
L E W I G C I Y A G S S G S T Y Y A S W V N G R F 
CTG GAG TGG ATC ~ TGC ATT TAT GCT GGT AGT AGT GGT AGC ACT TAC TAT GCG AGC TGG GTG AAT GGC CGA TTC 
--- --- --- --- --- --- --- --- --- --- --- Ill --- --- --- --- --- --- --- ---
--- --A --- ---
··T --- --- Ill --- ··A C·- ··C ---
T L S R D I D Q S T G C L Q L N S L T A A D T A M 
ACT CTC TCC AGA GAC ATC GAC CAG AGC ACA GGT TGC CTA CAA CTG AAC AGT CTG ACA GCC GCG GAC ACG GCC ATG 
--- T-- -T-
-c-
YYCARI D I .I 
TAT TAC TGT GCG AGA 
--- --- --- --- ---~GGGGG TAGTGGTTATTAT CCGAGGTTA TACTTTAACATCTGGGGCCCAGGCACCCTGGT D31J4 
--- --- --- --- ---GGATGG GCTGGTAGTAGTTAT AACATCTGGGGCCC D51J4 
--- --- --- --- ···GGGG ATACTTATGGTTATGCTGGTTATGCTTATGCT TATT ACTTGTGGGGCCCAGGCACCCTGGT D2AIJ4 
···GGGG GTTATGCTGGTAGTAGTTAT TTTAACTTGTGGGGCCCAGGCAGGT D51J4 
--- --- --- --- ···AGATA TAGCTACGATGACTATGGTGATTAC ATT TACTTTAACTTGTGGGGCCCAGGCACCCTGGT D1A/J4 
21 
to the VHx32 group (#738, Figure 4). The remaining eight VH 
region sequences (Table 1) were different from any known 
germline VH gene as well as from the VH sequences of any of 
over 48 previously characterized cDNA clones (3,65). We 
suggest that these eight VH sequences represent novel 
germline VH genes. Of these eight VH sequences, three were 
identical to each other and are presumably encoded by the 
same germline VH gene. The other five VH sequences were 
distinctly different from each other and are presumably 
encoded by separate germline VH genes (Figure 5). We 
conclude that in DNA from spleen and bone marrow of young 
rabbits, at least nine germline VH genes, VHl, VHy33 or VHx32 
and six novel VH genes, are rearranged. No difference in 
the distribution among the different groups was observed for 
VDJ gene rearrangements from spleen and bone marrow. 
To determine how many of the nine VH genes that we 
identified from a2 /a2 genomic DNA were expressed, we 
analyzed VDJ gene rearrangements cloned from cDNA. We 
analyzed 30 VDJ gene rearrangements and based on their 
nucleotide sequences we assigned them into four groups, VHl, 
VHy33, VHx32 and VHz (Table 1). Twenty-four of the 30 
sequences were in the VHl group and the sequences of six of 
these are shown in Figure 6. On average, the VH regions of 
the 24 VDJ genes differed from that of VHl by less than one 
nucleotide per VH sequence, and we conclude that all of 
these VDJ genes utilized VHl. The VH region of three of the 
Figure 4. Comparison of the nucleotide sequence of a 
designated VHx32 gene to the nucleotide sequences of four 
VDJ gene rearrangements from bone marrow DNA and mRNA. The 
designated VHx32 sequence is from cDNA (clone #11) of Short 
et al (3); the germline VHx32 gene is not cloned. Clone 738 
is from DNA from newborn bone marrow; clone 568 is from cDNA 
from 6 day bone marrow; clone 596 is from cDNA from 10 day 
bone marrow; clone 680 is from cDNA from newborn bone 
marrow. Dashes indicate identity to clone 738. Framework 
(FR) and complementarity determining regions (CDR) are 
according to Kabat (64). The germline D and J gene segments 
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738 AGGAAGG TATACTTATGGTTATGCTGGTTATGCTTATGC CCCTATAT TACTTTAACTTGTGGGGCCCAGGCACCCTGGT D2•J4 
568 TTATGG TTATGGTTATGCTGGTTATGCTTATGCTA TAAGGT ACTACTTTAACTTGTGGGGCCCAGGCACCCTGGT D2•J4 
596 GATGGGG ATACTTATGGTTATGCTGGTTATGCTTATGCTAC GGG TGCTTTTGATCCCCGGGGCCCAGGCACCCTGGT D2•J2 
680 GAGG ACTATACTTATGGTTATGCTGGTTATGCTTATGCTAC GTATT ACTACTTTAACTTGTGGGGCCCAGGCACCCTGGT D2•J4 
684 GGGGG TGGTTATGCTGGTTATGGTTATG AGCCTC TTAACTTGTGGGGCCCAGGCACCCTGGT D2bJ4 
Figure 5. Comparison of the sequence of germline VH1-a2 to 
nucleotide sequences of seven novel VH genes from VDJ gene 
rearrangements cloned from bone marrow and spleen DNA and 
mRNA. Clones 613 and 611 are from 6 day spleen; clones 624 
and 625 are from 10 day spleen; clone 628 is from 7 day bone 
marrow; and clone 638 is from 7 day spleen. No N regions are 
identified because the germline D gene segments for these D 
regions are not cloned. The underlined nucleotides indicate 
the region of the FR3 oligomer used to amplify the novel VH 
genes. Clone #638 is a nonfunctional VH gene due to frame 
shifts in CDR2. Dashes indicate identity. Framework (FR) 
and complementarity determining regions (CDR) are according 
to Kabat (64) . 
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Figure 5 
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V Q C Q S V K 
VH1 atgtgagtgagagacacagagagtgtgagtgacagtgtcctgaccatgtcgtctgtgtttgc1ggt GTC CAG TGT CAG Ill TCG GTG AAG 
613 -c------------------c---------------11---------------------------- --- Ill --- T-- G--
611 -c-------------------------c------------------9-1----------------- --- GAG CA- c--
624 -c------------------c---------------11---------------------------- --- Ill --- T-- G--
625 -c----------------------------------11---------------------------- --- GAG CA- C-- G--
628 -ct----11--------------------------------------------------------- --- Ill --- C-- G--






























E S E G G L F K P T D T L T L T C T V S G F S L S 
GAG TCC GAG GGA GGT CTC TTC AAG CCA ACG GAT ACC CTG ACA CTC ACC TGC ACA GTC TCT GGA TTC TCC CTC AGT 
-G- --- -AC --G G-- --T GA- -GA T-- -C- --- --- --- T-- ---
-G- --T --C --G G-- C-- --T GG- -GA T-- -A- T-~ -A- -c- --- --- GA- T-- ---
-G- --- --C ··G G-- --T GG- -CA T-- -C- --- --- --- T-G ---
-G- --- --C --G G-- --T GGA -GA --- -A- -C- --- A-- GA- T·-
·G· --T C-C --G G·- ·C- --T GG- ACA C--
·G- --C --G G·- --T GGA -GA --- -A- -C- --- A-- GA- T-- ·T-
FR2 CDR2 
S N A I S W V R Q A P G N G L E W I G A I G 
AGC AAT GCA Ill ATA AGC TGG GTC CGC CAG GCT CCA GGG AAC GGG CTG GAA TGG ATC GGA GCC ATT Ill Ill GGT 
GTC TAC TAC ··G T·- --G --- -C- --G --- --- --- TGT T-A AAT GGT ---
T-C TAC Ill --G --- --- A-- --G --- --G --- --T --- AT- --- TAT GCT ---
·GC TAC TGG --- T-- --G --- --G --- -C- TG- --- TAT GCT 
-A- GGC TAT TAC---G T-- --- A-- --G --- --G --- --- --- TG- --- TGG ACT 
-A- T-C TGC Ill --G --- --G --- --- -AC --- --- AT- --- AAT AGT 
T-C TAC TAC --G T-- --G --- --G -T- -C- TG- GGT ACT 
FR3 
S S G S A Y Y A S W A K S R S T I T R N T N L N T 
AGT AGT GGT AGC GCA TAC TAC GCG AGC TGG GCG AAA AGC CGA TCC ACC ATC ACC AGA AAC ACC AAC CTG AAC ACG 
--- --- --- --- A-- -GG --- -T- --- G-- -T- --- T-- Ill --A --- TCG TC- -C-
--- Ill --- --- A-- G-- --- ~T- --T G-- ·T- --- T-- --C G-- -A- GC- -A- --T 
--- --- --- --- A-T --- --- --- G-- -T- T-- Ill --A --- TCG TC- -C-
G-- -C- TAT ATT --T --- -c- --G G-- -T- T-- Ill --A --- TCG TC- -C-
G-- Ill Ill Ill A-- -GG --- --- G-- -T- T-- Ill --A --- TCG TC- -C-
l-- A-- I-- A-T G-- -T- GC- T-- Ill C-A --- TCG TC- -C-
V T L K M T S L T A A D T A T Y F C A R 
GTG ACT CTG AAA ATG ACC AGT CTG ACA GCC GCG GAC ACG GCC ACC TAT 'l'TC TGT GCG AGA 
--- c--




















Figure 6. Comparison of the nucleotide sequence of germline 
VH1-a2 to the nucleotide sequences of six VDJ gene 
rearrangements isolated from bone marrow and spleen mRNA of 
newborn to 10 day-old rabbits. Clone 715 is from newborn 
spleen; clones 681 and 675 from newborn bone marrow; clones 
583 and 579 from 6 day bone marrow; and clone 599 from 10 
day bone marrow. Dashes indicate identity to VHl. Framework 
(FR) and complementarity determining regions (CDR) are 
according to Kabat (64) . The germline D and J gene segments 
used in each VDJ gene rearrangement are indicated. 
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VH1 GGT AGT AGT GGT AGC GCA TAC TAC GCG AGC TGG GCG AAA AGC CGA TCC ACC ATC ACC AGA AAC ACC AAC CTG AAC 
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VH1 
715 GGC GTTATGCTGGTTATGCTGGTTATGGTT ACTCGGTTGGATCTCTGGGGCCAGGGCACCCTGGTCACG D2bJ3-
681 GGG GATGACTATGGTGA CCCCCCT AACTTGTGGGGCCCAGGCACCCTGGTCACG 01J4 
675 TTGAGGGT TTATGCTGGTAGTAGTTATTATA AC GCTTTTGATCCCTGGGGCCCAGGCACCCTGGTCAC 05J2 
583 GATTCCC CTACGATGACTATGGTGAT CCCT ACTACTTTAACTTCTGGGGCCCAAGCACCCTGGTCACG 01J4 
579 GATGG TAGCTACGATGACTATGGTGA CTTAAG CTTTAACTTGl'GGGGCCCAGGCACCCTGGTCACG 01J4 
599 GGAG GTTACTATACTTATGGTTATGCTGGTTATGCTTATGC CGA TAACTTGTGGGGCCCAGGCACCCTGGTCACG 02aJ4 
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30 VDJ gene rearrangements were identical to the VHx32 
sequence (Figure 4). The VH region of one of the 30 
sequences was nearly identical to the germline sequence of 
VHy33, and was assigned to the VHy33 group (#577, Figure 3). 
Two other VH region sequences were nearly identical to each 
other but were different from any known germline VH gene and 
were assigned to a new group, VHz (Figure 7) . These data 
indicate that approximately 80% of VH-encoding mRNA (24 of 
30 clones) is derived from VHl. This observation is 
consistent with the previous observation that approximately 
80% of VH regions of serum lg are derived from VHl. 
The six novel VH genes found in VDJ gene rearrangements 
in a2 /a2 genomic DNA were not represented in the cDNA even 
though most of them encoded an entire open reading frame and 
appear expressible (Figure 5). To determine if these genes 
were expressed, but at a low frequency, we attempted, by 
PCR, to specifically amplify these genes from cDNA. We 
synthesized a FR3 oligomer that would anneal to five of the 
novel VH regions, but not to VHl, VHx32 or VHy33 (Figure 5). 
Using this oligomer and a leader exon oligomer, we amplified 
the cDNA derived from bone marrow and spleen mRNA. 
Amplification of the novel VH genes using this combination 
of primers would result in a product of 300 bp (Figure 8) 
but, we could not identify such a fragment by gel electro-
phoresis (Figure 9) We did, however, identify an amplified 
product of 380 bp. This product corresponds in size to that 
FRl 
R Q L E H S G G L V Q P R G S L K L C 
V"z CGG Ill CAG CTG GAG CAC TCC GGA GGA GGC Ill Ill Ill Ill CTG GTC CAG CCT AGG GGA TCC CTG AAA CTC TGC 
V"1 -A- Ill TC- G-- A-- G-G --- -AG --- --T Ill Ill Ill Ill --C T-- A-- --A -c- -AT A-- --- -c- --- AC-
x32 -A- GAG --- --- A-- G-G --- --G --- --- Ill Ill Ill Ill --- --- --- --- G-- -c-
y33 -A- Ill --- --G --- --- --- --A GCC GGA GGA GG- --- --- A-- --- G-- --- G--
CDRl FR2 
C K A S G F T F S S Y Y M C W V R Q A P G K G L 
V"z TGC AAA GCC TCT GGA TTC ACC TTC AGT AGC TAC TAC ATG TGC Ill TGG GTC CGC CAG GCT CCA GGG AAG GGG CTG 
VH1 --- -c- -T- --- --- --- T-- c-- --- --- A-T GCA --A A-- Ill --- --- --- --- --- --- --- --c --- ---
x32 --- --T --- --- --- GA- --- --- --- --T GGA G-- A-- Ill --- --- --- ---
y33 --- --- --- T-- C-- --- AG- --- TG- ATA TGC --- --- --- ---
CDR2 FR3 
E W I G C I Y A G S S G S A Y Y A S W V N G R F T 
V"z GAG TGG ATC GGA TGC ATT TAT GCT GGT AGT AGT GGT AGC GCA TAC TAC GCG AGC TGG GTG AAT GGC CGA TTC ACT 
VH1 --A --- --- --- Ill GCC AT- -G- A-- --- G-- Ill --- --- --- --- --- --- --- -C- --A A-- --- -C- --C 
x32 --- --G Ill TAC AT- -A- CC- GT- TT- --- --- A-- --- --- --- --- --- --- --- -A- --- --- --C 
y33 --- --- Ill --- --- --- --- A-T --- --T --- --- --- ---
L S R D I D Q S T G C L Q L N S L T A A D T A M Y 
V"z CTC TCC AGA GAC ATC GAC CAG AGC ACA GGT TGC CTA CAA CTG AAC AGT CTA ACA GCC GCG GAC ACG GCC ATG TAT 
VH1 A-- A-- --- A-- -C- A-- -T- -A- --G -TG ACT --G A-- A-- -C- --- --G --- --- --- --- --- --- -CC ---
x32 A-- --C C-- -A- -C- --- -A- --G CTG -AT --G --- --- --- --- --G --- C-T --- --- --- -CC ---
y33 --- --- --- --- --- --- --- --- --- --- --- --- --G --- --- --- --- --- --- --- ---
Y C A R 
VHZ TAC TGT GCG AGA 
VH1 -T- --- --- ---
x32 -T-
y33 --- --- --- ---
29 
Figure 7. Comparison of the nucleotide sequence of VHz with 
the nucleotide sequences of VHl, VHY33 and the gene 
designated VHx32. VHz was isolated from two clones from 
cDNA of BM 3F3. Dashes indicate identity. Framework (FR) 
and complementarity determining regions (CDR) are according 








Figure 8. PCR amplification of novel V8 genes in mRNA. 
Diagram showing primer annealing sites. The arrows indicate 
the boundaries of the region to be amplified by the leader 





Figure 9. Polyacrylamide gel analysis of PCR products. The 
templates for PCR were (L to R): cDNA of BM 3F3, cDNA of BM 
246Dl, cDNA of Spleen 3F3, plasmid DNA containing germline 
VH1-a2, and genomic DNA from BM 246Dl. The sizes are from 
Hinf digested pUC. 
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expected from DNA with an 80 bp leader intron. We suggest 
that this 380 bp product is due to contaminating genomic 
DNA. To control that the cDNA was properly synthesized from 
the mRNA, we showed that VDJ genes from the cDNA could be 
amplified using leader and JH oligomers (data not shown) . 
Because we could not amplify the novel VH genes from cDNA, 
we conclude that they are not expressed in the mRNA. All 
the novel VH genes, except one (#638), appear functional by 
sequence analysis; we suggest that they are not found in the 
mRNA because they have defective promoter/regulatory 
elements. 
D Gene Segments Used in VDJ Gene 
Rearrangements in Young Rabbits 
Because the D regions of VDJ gene rearrangements from 
rabbits older than three weeks of age are diversified (3) it 
is been difficult to identify the germline origin of D 
regions in VDJ gene rearrangements from adult rabbits. 
Short et. al. recently examined VDJ genes cloned from cDNA 
of 3-9 week-old VHa allotype suppressed rabbits, and showed 
that use of D gene segments is limited to four different D 
gene segments, Dl, D2a, D2b, and D3. Some of the D regions 
ascribed to D3 have recently been shown to represent DS, a 
recently identified germline D gene segment (unpublished 
data) . Because much of the work describing D gene segment 
usage was done with allotype suppressed rabbits, we wanted 
to examine the D regions of the 80 VDJ gene rearrangements 
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that we cloned from bone marrow and spleen cells of newborn 
to ten day-old normal rabbits. The most commonly utilized D 
gene segments were D2a and D2b, which together were used in 
51% of the VDJ gene rearrangements. These data are similar 
to that described by Short et. al. whereby D2a and D2b 
together represented 49% of the D regions. Eleven of the 80 
D regions did not correlate with any of the previously 
identified germline D gene segments and were designated Da, 
Db, De, De, Df, Dh, Di, Dk, Dm, Dn and Do. (Figures 1, 2 and 
5) . None of these novel D regions were found in any of the 
cDNA clones we examined; they were only associated with VDJ 
genes that were cloned from genomic DNA (Table 2) . 
Furthermore, these novel D regions were more frequently 
associated with the novel germline VH genes than with VHl. 
In fact, 15 of 17 VDJ gene rearrangements that had used 
novel VH genes were associated with the novel D regions, 
whereas only 5 of the 50 VHl-utilizing VDJ genes had used a 
novel D region. 
Rabbit VDJ gene rearrangements show a different reading 
frame (RF) preference for each utilized D gene segment 
(Table 3). For example, RFl was used in 88% of VDJ gene 
rearrangements with D3, RF2 was used in 86% of VDJ gene 
rearrangements with Dl, and RF3 was used in 81% of VDJ gene 
rearrangements with D2b. We conclude that rabbit exhibits 
preferential D reading frame usage, although the basis for 






DISTRIBUTION OF KNOWN D REGIONS, Dl-5, AND NOVEL D REGIONS, 
Da-Dn, IN 66 VDJ GENES CLONED FROM GENOMIC DNA AND cDNA 
Dl-Sa De-nb 
V8 geneb DNA cDNA DNA cDNA Total 
VHl 23 19 4 0 46 
VHx32 1 4 0 0 5 
VHy33 4 1 0 0 5 
VHz 0 2 0 0 2 
Other 0 0 8 0 8 
Dl-5 = Dla, Dlb, Dlc, Dld, D2a, D2b, D3 and D5. Of the 
total of 54 genes that used Dl-5, 15 used D2b, 17 used 
D2a, 10 used Dl, 6 used D3 and 6 used D5. The D gene 
regions of four cDNA clones were unassignable due to 
their short length. 
De-Dn = De, Df, Dh, Di, Dk, Dm and Dn 






READING FRAME (RF) OF D REGIONS USED IN 80 VDJ GENE 
REARRANGEMENT Sa 





















56 of these VDJ genes are from this manuscript; 4 are 
from Becker et. al. (63); 20 are from Short et. al. (3). 
Dl includes Dla, Dlb, Dlc and Dld since these are 
identical to each other. 
Number of VDJ genes. 
Bold numbers indicate preferred reading frame. 
DISCUSSION 
The rabbit genome, like that of other mammals, has more 
than 100 VH genes (1,2), but unlike other mammals, the B 
lymphocytes in adult rabbits preferentially utilize one of 
these, VHl, in their VDJ gene rearrangements (4,66), and to 
a lesser extent, VHx32 and VHy33. In the present study, we 
asked if the preferential use of VHl in 80% of VDJ gene 
rearrangements was due to its preferential rearrangement 
during VDJ recombination or to selective expansion of B 
cells that express VHl-encoding surface Ig. To minimize the 
effects of antigen selection on the VH repertoire of B 
cells, we wanted to examine pre-B cells for their VH gene 
usage because they lack surface Ig. Markers for rabbit pre-
B cells are not available, but McElroy et al. reported that 
bone marrow of newborn rabbits contain relatively high 
levels of pre-B cells (55,56). Therefore, we examined the 
VDJ gene rearrangements in bone marrow cells taken from 
rabbits early in ontogeny. Another reason for examining 
rearranged VH genes in young rabbits was because rearranged 
VDJ genes in rabbit B cells do not seem to diversify until 
approximately three weeks of age (3), so by examining VDJ 
genes from young rabbits we would ensure that somatic 
diversification did not interfere with our ability to 
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identify the germline VH genes used in the VDJ gene 
rearrangements. We expected that if the preferential 
utilization of VHl was due to selective expansion of VHl-
utilizing B cells that we would find evidence for usage of 
many different germline VH genes in VDJ gene rearrangements 
in early B-lineage cells. We found that at least nine VH 
genes other than VHl were used in VDJ gene rearrangements 
from a2 allotype rabbits but that only three of these were 
expressed as mRNA. The six unexpressed VH genes, even 
though they appear to be functionally recombined, cannot 
participate in a selective process. We conclude that the 
preferential usage of VHl is more likely due to preferential 
rearrangement and expression of VHl rather than to selective 
expansion. 
Three rearranged VH genes other than VHl were expressed 
in mRNA, VHx32, VH.Y33 and VHz, and together they represented 
13% of the clones. The VHy33 gene and the gene designated 
VHx32 were similar to these VHa--encoding genes expressed in 
mRNA from VHa allotype suppressed rabbits (3). Although 
Short et. al. cloned a germline gene that encodes y33 
molecules, the x32-encoding germline VH gene has not been 
cloned. The nucleotide sequences of the VHx32 genes in our 
experiment were essentially identical to two of the x32 
sequences of Short et. al. (3). Because all of the 
sequences in our experiments were derived from rabbits three 
weeks or less of age, when their VH genes are undiversified, 
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we believe that these sequences represent the germline 
sequence for the x32-encoding VH gene. To confirm this 
idea, these genes need to be expressed in vitro and their 
products tested for reactivity with anti-x32 antibody (7) . 
The VH gene we designate VHz has not been previously 
identified and we found it in only two VDJ gene 
rearrangements. This gene encodes only one of the eight a2-
allotype associated amino acid residues (67) and we suggest 
that this gene does not encode a2 Ig molecules, but instead 
encodes VHa- molecules. Although most VHa- molecules in a2 
rabbits are VHx32 and VHy33 (8), Roux reported a third type 
of VHa- molecule, w35, in a2 allotype suppressed rabbits. 
We suggest that the sequence designated VHz does not encode 
VHw35 molecules because we found two VHz sequences from a 
total of 30 expressed VDJ genes whereas w35 molecules are 
barely detectable (less than 0.2% of total Ig) in serum from 
normal a2 rabbits. 
We have concluded that the preferential expression of 
VHl is due to preferential recombination of VHl. VHl-
utilizing VDJ gene rearrangements accounted for nearly 70% 
of the VDJ gene rearrangements in a2 /a2 genomic DNA, and 
VHx32, VHy33 and VHz together accounted for only 13% of the 
VDJ gene rearrangements. Although this observation 
indicates to us that VHl is preferentially recombined, we 
cannot rule out the possibility that VHl-expressing B-
lymphocytes expanded more rapidly than did B cells that 
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express VHx32, VHy33 or VHz. Such expansion could have 
occurred prior to our sampling. To rule out this 
possibility, we would need to determine the frequency of VHl 
usage in pre-B cells, although the isolation of such cells 
is hampered by the lack of rabbit B-lineage markers. 
Analysis of the D regions revealed eleven D regions 
that did not correlate with any of the eight previously 
described germline D gene segments, Dla, Dlb, Dlc, Dld, D2a, 
D2b, D3, and D5 (63, unpublished data). Within the VDJ 
gene rearrangements, the D regions that represented the 
eight known germline D gene segments were not somatically 
diversified. Because no diversification was found in these 
D regions, nor in the VH regions, we suggest that the 
eleven novel D regions were also not diversified and that 
they, therefore, represent eleven additional germline D gene 
segments. 
As in mouse, the VDJ gene rearrangements from rabbit B 
lymphocytes exhibit a bias for a particular D reading frame. 
However, unlike the VDJ gene rearrangements of mouse 
lymphocytes that show a bias for RF2, rabbit VDJ gene 
rearrangements show a different reading frame preference for 
each utilized D gene segment. Previously, several 
investigators have suggested reading frame preference may be 
decided by the presence of stretches of amino acids that 
appear in a particular frame (51,52). These amino acids are 
proposed to lend favorable structural features to CDR3. 
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Abergel and Claverie noted the presence of glycine and 
tyrosine in the pref erred frame in murine and human 
antibodies, while the other frames lacked these amino acids. 
The appearance of these particular amino acids is also noted 
in the pref erred reading frames of each D gene segment in 
rabbit (Figure 10). The absence of glycine from the unused 
reading frames is remarkable. 
The present study suggests that VHl predominates (along 
with VHx32 and VHy33) in VDJ genes because it is 
preferentially rearranged. The molecular basis for targeted 
rearrangement of VH genes is not understood (68) 
Recombination frequency can be mediated by variations in 
heptamer/nonamer sequences (69) and one possibility is that 
the heptamer/nonamer recombination signal of VHl is a better 
substrate for the recombinase machinery than are those of 
other VH genes. This, however, does not seem to be the case 
as the heptamer/nonamer sequences are conserved among the 
rabbit germline VH genes (1,4,11-14) with many VH genes 
having heptamer/nonamer sequences identical to VHl. Another 
possibility to explain the preferential rearrangement of VHl 
is that it is the 3'-most VH gene (27), and its proximity to 
the D and J genes make it more available for the 
recombination machinery. However, since other apparently 
functional, proximal VH genes are not rearranged, and 
because from preliminary data it appears that the rearranged 
VHx32 and VHy33 are at least 50 kb 5' of VHl, (70, Short and 
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RF 
Dl 1 *LR*LW*L 
2+ SYDDYGDY 
3 ATMTMVI 
D2a 1 VTILMVMLVMLML 
2 LLYLWLCWLCLCY 
3+ YYTYGYAGYAYA 
D2b 1 VMLVMLVMVML 
2 LCWLCWLWLCY 
3+ YAGYAGYGYA 
D3 1+ AYASSSGYYI 
2 HMLVVVVIIY 
3 IC***WLLY 
DS 1 VMLVVVII 
2 LCW**LLY 
3+ YAGSSYY 
Figure 10. Amino acids encoded in each of three reading 
frames by germline D gene segments. Reading frame 1 (RFl) 
begins with the first nucleotide following the heptamer 
sequence of the recombination signal. Amino acids are given 
as single letter code. Stop codon is indicated by * 
Preferred reading frame is indicated by +. 
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Knight unpublished data) we do not believe that proximity of 
VHl fully explains its targeted rearrangement. Based on 
nucleotide sequence analysis of over 25 germline genes, we 
have suggested that approximately 50% of germline VH genes 
are functional (10). However, because in this study we 
identified six such apparently functional VH genes in VDJ 
gene rearrangements that were not expressed as mRNA, we must 
consider the possibility that the germline contains many VH 
genes that can be functionally rearranged but that only a 
few of these are expressed. We propose that these germline 
VH genes that functionally rearrange but are not expressed 
as mRNA have defective promoter regions. It will be of 
interest to structurally and functionally compare the 5' 
regulatory regions, including the promoter, of these 
functional but unexpressed VH genes with the predominantly 
expressed VH genes VHl, VHx32 and VHy33. 
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